per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification £ : 

A61K 37/22 



Al 



(11) International Publication Number: 



WO 92/02244 



(43) International Publication Date: 20 February 1 992 (20.02.92) 



(21) International Application Number: 

(22) International Filing Date: 



PCT/US9 1/05281 
25 July 1991 (25.07.91) 



(30) Priority data: 
559,946 



31 July 1990(31.07.90) 



US 



(71) Applicant: THE LIPOSOME COMPANY. INC. [US/US); 

One Research Way, Princeton Forrestai Center, Princet- 
on, NJ 08540 (US). 

(72) Inventors: CHAKRABARTI, Ajoy ; 4503 West Twelfth 

Avenue, Vancouver, British Columbia V6R 2R4 (CA). 
CLARK-LEWIS, Ian ; 4377 West Twelfth Avenue, 
Vancouver, British Columbia V6R 2P9 (CA). CULLJS, 
Pieter, R. ; 3732 West First Avenue, Vancouver, British 
Columbia V6R IH4 (CA). 



(74) Agent: BLOOM, Allen; The Liposome Company, Intx, 
One Research Way, Princeton Forrestai Center, Princet- 
on, NJ 08540 (US). 



(81) Designated States: AT (European patent), AU, BE (Euro- 
pean patent), CA, CH (European patent), DE (Euro- 
pean patent), DK (European patent), ES (European pa- 
tent), FR (European patent), GB (European patent), GR 
(European patent), IT (European patent), JP, KR, LU 
(European patent), NL (European patent), SE (Euro- 
pean patent). 



Published 

With international search report* 



(54) Title: ACCUMULATION OF AMINO ACIDS AND PEPTIDES INTO LIPOSOMES 



(57) Abstract 

The present invention relates to liposomal compositions having a concentration gradient which load amino acids and pep- 
tides exhibiting weak acid or base characteristics into liposomes. Specifically loaded into liposomes by the methods of the present 
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flf ^rPMTTT.ATTON 0 * AMTWQ ACJPS &WP PEPTIDES I] 

Several biogenic amines and antineoplastic agents have been 
shown to accumulate in liposomes in response to an imposed proton 
gradient known as "remote loading" [See, for example Mayer, et al., 
Biochim. Biophys. Acta, 857, 123, (1986) , Mayer, et al., 
Biochemistry, 27, 2053, (1988) and M.B. Bally, et al., Chem. Phys. 
Lipids, 47, 97, (1988)]. This loading technique allows independent 
variation of any of the liposomal parameters. Much higher drug to 
lipid ratios can be achieved in comparison to conventional 
techniques [Mayer, et al. Chem. Phys. Lipids, 40, 333 (1986)]. In 
addition, the transmembrane distribution of the drug is generally 
determined by the proton gradient which modulates drug leakage by 
changes in the buffering capacity of the intravesicular medium. 



The use of proton and other io. gradients to trap drugs which 
are non-zwitterionic weak bases has been shown to be practical for 
adriamycin, the local anaesthetics dibucaine and dopamine and other 
drugs. Advantages of this system include efficient drug trapping, 
slower rates of drug release than passively trapped drug, and higher 
drug to lipid ratios than can otherwise be achieved. 

In addition, because the liposomes can be prepared in the 
absence of the drug, problems with drug release during storage, or 
dtug degradation during liposomal preparation can be avoided. 
Intraliposomal drug accumulation in response to pH gradients is 
believed to occur in a manner similar to that of other weak bases, 
30 for example, the pH gradient probe methylamlne. Methylamine 

equilibrates across liposomal membranes in the uncharged form, and 
reionizes according to the Henderson- Hasselbach relationship of thB 
pH of its environment. The equilibrium distribution reflects the 
transmembrane pH gradient, and its redistribution can be used to 
35 measure these gradients. However, not all agents which possess the 

capacity to be ionized according to Henderson-Hasselbach 



WO. 92/02244 



PCT/US9I/05281 



- 2 - 

relationships accumulate in liposomes according to this 
relationship. In fact, certain agents do not seem to accumulate at 
all. In addition, certain agents which may accumulate according to 
this relationship immediately undergo release, resulting in 
unworkable formulations which must be used immediately after 
production and which are virtually unusable as sustained release 
products. 

Liposomes are completely closed lipid bilayer membranes which 
contain entrapped aqueous volume- Liposomes are vesicles which may 
be unilamellar (single membrane) or multilamellar (onion-like 
structures characterized by multiple membrane bilayers, each 
separated from the next by an aqueous layer). The bilayer is 
composed of two lipid monolayers having, a hydrophobic "tail" region 
and a hydrophilic "head" region. In the membrane bilayer, the 
hydrophobic (nonpolar) "tails" of the lipid monolayers orient toward 
the center of the bilayer, whereas the hydrophilic (polar) "heads" 
orient toward the aqueous phase. 

It is an aspect of the present invention to disclose the 
loading of certain amino acids and peptides which exhibit weak acid 
or base characteristics. The amino acids and peptides of this 
aspect of the invention are more specifically those wherein the C 
terminal and other carboxyl functions have been modified by 
substitution thereof, and associated with a functional group such as 
for example an ester or an amide. More specifically, basic amino 
acids and peptides of the invention have been modified to methyl 
ester, ethyl ester or amide forms. 

The loading via a transmembrane concentration gradient, more 
specifically, a transmembrane pH gradient, occurs for certain amino 
acids and peptides wherein the C-terminal carboxyl function is 
substituted, wherein the amino acid or peptide would exhibit weak 
acid or base characteristics, and more specifically, wherein such 
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amino acid or peptide carboxyl function is modified to a non-acidic 
group such as an amide or a methyl ester ♦ Such amino acid and 
peptide derivatives exhibit weak base characteristics. Such amino 
acids and peptides load into LUVs by methods of the invention in 
response to a transmembrane concentration gradient (for example a 
transmembrane pH gradient) (inside acidic). 

The methods of the invention result in transmembrane 
concentration gradient-driven loading for the amino acid derivatives 
lysine methyl ester, lysine amide, lysine ethyl ester, end the 
peptides Bombesin 

(pGlu-Gln-Arg-Leu-Gly-Asn-Gln-Trp-Ala-Val-Gly-His-Leu-Me t-NH 2 ) , 
Gastrin-Related Peptide (N-t-BOC-Trp-Met-Asp-Phe-Amide) , and Growth 
Hormone Releasing Factor Fragment (Lys-Tyr-Trp-Trp-Phe-HH 2 ) . 

The methods of the invention, however, do not result in loading 
into LUVs of certain other amino acids and peptides, for example, 
the peptides Histidine methyl ester, (Lys) 5 methyl ester and 
(Lys-(Ala)^) methyl ester cannot be loaded into liposomes by the 
methods of the invention* 

FIGURE 1 graphically represents the time course of lysine 
methyl ester into 100 nm EPC vesicles bearing a 7.5/4.0 
(external/internal) pH gradient (open circles). Control vesicles 
with no pH gradient (7.5/7.5 - open triangles) and 4.0/4.0 - open 
squares) were also tested. Uptake was conducted at 20°C. The 
external concentration of lysine methyl ester was 1.3 mM. 

FIGURE 2 graphically represents the time course of uptake of 
lysine methyl ester into 100 nm EPC: cholesterol vesicles (55:45 
mole?0 bearing a 7.5/4.0 (external /internal) pH gradient. Uptake 
was conducted at 4°C (open circles), 20°C (open triangles), and 37°C 
(open squares). The external concentration of lysine methyl ester 
was 2.0 mM. 
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FIGURE 3 graphically represents the time course of uptake of 
Lys-Tyr-Trp-Trp-Phe-Amide into 100 nm EPC vesicles bearing a 7.5/4.0 
(external/internal) (open squares) and a 7.5/7.5 (external/internal) 
5 (open circles) pH gradient. Uptake was conducted at 23»C. The 

external concentration of Lys-Tyr-Trp-Trp -Phe-Amide was 76 uM. 

The present invention relates to liposomal compositions having 
a pH gradient, such liposomes exhibiting markedly increased 
10 accumulation of amino acids and peptides as expected from the 

Henderson-Hasselbach relationship, by formulating the liposomes 
utilizing a first internal aqueous buffer and a second external 
aqueous buffer, the first and second buffers differing as to ionic 
(proton) concentration. 

15 

The present invention is further directed to a method for 
loading liposomes with a C-terminal carboxyl function substituted 
amino acid or peptide, therefore wherein the amino acid or peptide 
would exhibit weak acid or base characteristics, and more 
20 specifically, wherein such amino acid or peptide carboxyl function 

is modified to a non-acidic group such as an amide or a methyl 
ester. Such amino acid and peptide derivatives exhibit weak base 
characteristics . 

25 me loading includes preparing liposomes having a concentration 

gradient of one or more charged species across their membranes, said 
concentration gradient being capable of generating a transmembrane 
potential having an orientation which will cause the peptide to be 
loaded into the liposomes, and admixing the amino acid or peptide 

30 with the liposomes. The liposomes are those that can be formed by 

any method but are preferably large unilamellar vesicles. The 
concentration gradient is formed by encapsulating a first medium in 
the liposomes, said medium having a first concentration of the one 
or more charged species, and suspending the liposomes in a second 

35 medium having a second concentration of the one or more charged 
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species. Such a concentration gradient can be for example, a pH 
gradient. 

The amino acid and peptide derivatives which can be loaded by 
the transmembrane concentration gradient method of the invention 
include the amino acid derivatives lysine methyl ester, lysine 
amide, lysine ethyl ester, and the peptides Bombesin 
(pGlu-Gln-Arg-Leu-Gly-Asn-Gln-Trp- Ala-Val-Gly-His-Leu-Met-NH 2 ) , 
Gastrin-Related Peptide (N-t-BOC-Trp-Met-Asp-Phe-Amide), Growth 
Hormone Releasing Peptides Tyr-Gly-Trp-Phe-Phe-Amide and 
Trp-Ala-Trp-Phe-Ala -Amide, and Growth Hormone Releasing Factor 
Fragment (Lys-Tyr-Trp-Trp-Phe-NH 2 ) . 

The >tides Histidine methyl ester, Trp-Nle-Arg-Phe-Amide 
(molluscan car dio excitatory neuropeptide analog), 

p-Glu-Ser-Leu-Arg-Trp-Amide (sea anemone neuropeptide), Lutenizing 
Hormone Releasing Hormone 
20 (pGlu-His-lrp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH 2 ), Lys -Vasopressin 

(Cys-Tyr-Phe-Gln-Asn-Cys-Pro-Lys-Gly-NH 2 ),(Lys) 5 methyl ester 
and (Lys-CAla)^) methyl ester cannot be loaded into liposomes by 
the methods of the invention. 

2 g Also disclosed are pharmaceutical preparations comprising such 

C-tenninal substituted amino acids or peptides which have been 
loaded into the liposomes by the method of the invention. 

The loading method proceeds by admixing th* amino acid or 
30 peptide derivative with liposomes having a transmembrane potei. . .al 

across their membranes, the orientation of the transmembrane 
potential being such that if the agent is positively charged, the 
internal potential of the liposomes is negative to the potential of 
the external medium, and if the agent is negatively charged, the 
35 internal potential of the liposomes is positive relative to the 

potential of the external medium. The transmembrane potential can 



WO 92/02244 



PCT/US91/05281 



15 



- 6 - 

be produced by creating a concentration gradient of one or more 
charged species across the liposomes membranes, such as for example 
H + ions, wherein the concentration gradient is a pH gradient. 

5 

In general, the liposome compositions of the present invention 
may comprise phospholipids such as egg phosphatidylcholine <EPC) , 
hydrogenated soy phosphatidylcholine, distearoylphosphatldylcholine, 
dimyristoylphosphatidyleholine , or diarachidonylphosphatidylcholine 
10 >- among others, and may additionally comprise a number of steroidal 
compositions, as well as other compositions. 

When the liposomal compositions additionally comprise steroidal 
compositions, these may include cholesterol, which may be used 
preferably in a 55:45 <lipid:steroidal lipid) w/w ratio. 

The present invention discloses efficient trapping of amino 
acids and peptides in liposomes exhibiting a transmembrane ionic 
gradient, preferably a transmembrane pH gradient. 

The amino acid and peptide derivatives which can be loaded by 

the transmembrane concentration gradient method of the invention 

include the amino acid derivatives lysine methyl ester, lysine 

amide, lysine ethyl ester, and the peptides Bombesin 
(pGlu-Gln-Arg-Leu-Gly-Asn-Gln-Trp-Ala-Val-Gly-His-Leu-Met-NH 2 ), 

Gastrin-Related Peptide (N-t-BOC-Trp-Met-Asp-Phe-Amide) , and Growth 
Hormone Releasing Factor Fragment <Lys-Tyr-Trp-Trp-Phe-NH 2 ) . 

The peptides Histidine methyl ester, (Lys> 5 methyl ester and 
(Lys-(Ala).) methyl ester cannot be loaded into liposomes by the 
methods of the invention. 

The liposomes of the present invention may be formed by any of 
the methods known in the art, but preferably they are formed 
according to the procedures disclosed in Bally et al., PCT 
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Application No. US86/01102, published February 27, 1986 and Mayer et 
al. PCT Application No. US88/00646, published September 7, 1988. 
These techniques allow the loading of liposomes with ionizable 
agents to achieve interior concentrations considerably greater than 
otherwise expected from the agents' solubility in aqueous solution 
at neutral pH and/or concentrations greater than can be obtained by 
passive entrapment techniques. 

In this technique, a transmembrane ion <pH) gradient is created 
between the internal and external membranes of the liposomes and the 
agent is loaded into the liposomes by means of the ion (pH) 
gradient, which drives the uptake. The transmembrane gradient is 
generated by creating a concentration gradient for one or more 
charged species, for example Na+, C1-, K+, Li+, OH- and preferably 
H+, across the liposome membranes, such that the ion gradient drives 
the uptake of ionizable agents across the membranes. 

In the present invention, transmembrane ion (H+) gradients are 
preferably employed to produce the ion gradient and load the agents, 
which tend to have weakly basic nitrogen groups, into the 
liposomes. In the present invention, liposomes are preferably first 
formed in an aqueous buffer solution. The first solution is either 
acidic or basic, depending upon whether the agent to be loaded 
produces a charged species at basic or acidic pH. For example, in 
the case of loading weakly basic agents, a charged species is 
produced at low pH, i.e., a pH of 2.0 to 5.0, preferably a pH of 
4.0. After formation of liposomes having an acidic internal aqueous 
buffer solution, the buffer solution external to the liposomes is 
then modified to a pH significantly above the pH of the internal 
buffer solution, preferably at least 3.0 to 4.0 pH units above the 
internal buffer solution. 

35 The modification of the external buffer results in a pH 

gradient which drives the accumulation of the agent within the 
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liposome. In general, the agent will pass through the lipid 
layer(s) of the liposome in its uncharged form much more readily 
than it will in its charged (protonated, in the case of weakly basic 
agents) form. Thus, uncharged agent in tlie external buffer will 
readily pass through tne liposome into the internal buffer, become 
protonated, and remain within the liposome as a "trapped" protonated 
molecule which does not readily pass thxougji the liposome layer(s). 
Agent will thus concentrate in the liposome as a function of the pH 
gradient between the internal and external buffer solutions. 



Tor a typical liposome preparation technique as fully described 
hereinbelow, the first aqueous buffer solution will surround the 
liposomes as they are formed, resulting in the buffer solution being 
15 internal and external to the liposomes. To create the concentration 

gradient, the original external buffer solution may be acidified, or 
alkalinized so that the concentration of charged species differs 
from tne internal buffer, or alternatively, the external buffer may 
be replaced by a new external medium having different charge 
species. The replacement of the external medium can be accomplished 
by various techniques, such as by passing the liposome preparation 
through a gel filtration column, e.g., a Sephadex column, which has 
been equilibrated with the new medium, or by dialysis or related 
techniques. 



In the present invention, liposome compositions are preferred 
which are formed utilizing a first internal buffer solution of 
acidic character (pH 3.0 to 5.0) and a second external buffer 
solution, the pH of which is preferably between 6.5 and 8.0, 
preferably 7.5. The low pH of the internal buffer relative to a 
more basic or neutral pH of the external buffer produces a 
transmembrane gradient which acts to drive the accumulation of the 
agent in the liposome. 
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Lipids which can be used in the liposome formulations of the 
present invention include synthetic or natural phospholipids and may 
include phosphatidylcholine (PC), phosphatidylethanolamine (PE), 
phosphatidyiserine (PS), phosphatidylglycerol (PG), phosphatidic 
acid (PA), phosphatidylinositol (PI), sphingomyelin (SPM) and 
cardiolipin, among others, either alone or in combination. The 
phospholipids useful in the present invention may also include 
dimyristoylphosphatidylcholine (DMPC) and 

dimyristoylphosphatidylglycerol (DMPG) . In other embodiments, 
distearylphosphatidylcholine (DSPC) , dipalmitoylphosphatidylcholine 
(DPPC), or hydrogenated soy phosphatidylcholine (HSPC) may also be 
used. Dimyristoylphosphatidylcholine (DMPC) and diarachidonoyl- 
phosphat idyl choline (DAPC) may similarly be used. 

Due to the elevated transition temperatures (T ) of lipids 

such as DSPC (T of 65°C), DPPC (T of 45°C) and DAPC (T of 

o c c 

85° C), such lipids are preferably heated to about their T c or 
temperatures slightly higher, e.g., up to 5°C higher than the T c 
in order to make these liposomes. 



In preferred embodiments, egg phosphatidylcholine is used. In a 
number of embodiments of the present invention, a steroidal 

2g component may be a>. sd to the liposome, regardless of the 

phospholipid chosen. Such a steroidal component may for example be 
selected from the group consisting of cholesterol, cholestanol, 
coprostanol or cholestane. In addition, polyethylene glycol 
derivatives of cholesterol (PEG-cholesterols) , as well as organic 

30 acid derivatives of sterols, for example cholesterol hemisuccin- te 

(CHS) may also be used in combination with any of the 
above-mentioned phospholipids. Organic acid derivatives of 
alpha-tocopherol hemisuccinate, (TBS) may also be used. CHS- and 
THS-containing liposomes and their tris salt forms may generally be 

35 prepared by any method known in the art for preparing liposomes 

containing sterols. 
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Any of the above-mentioned sterols may be used in liposomes, so 
long as the resultant phospholipid-sterol mixture yields stable 
liposomes. In particular, see the procedures of Janoff, et al., U.S. 
Patent Ho. 4,721,612, issued January 26, 1988, entitled "Steroidal 
Liposomes", and Janoff, et al., PCT Publication No. 87/02219, 
published April 23, 1987 , entitled "Alpha Tocopherol-Based 
Vehicles", relevant portions of which are incorporated by reference 
herein. In certain embodiments in which the liposomes are designed 
to prevent rapid release of the agent, cholesterol in an amount 
equal to 30 mole* to 45 mole% by weight of the lipid comprising the 
liposome is preferably used in combination with any of the 
above-named phospholipids or phospholipid/steroid combinations. 
Such compositions should, in general, prevent the undesired rapid 
15 release of accumulated agent from the liposome. Any combination of 

membrane-stabilizing component and lipid may be used which prevents 
rapid release of agents from the liposome, and one of ordinary skill 
in the art will be able to modify the membrane-stabilizing component 
and the phospholipid to formulate liposomes which prevent rapid 

20 

release of the agent. 

Most preferably, liposomes comprising either 
phosphatidylcholine or a mixture of 45 mole % by weight cholesterol 
and 55 mole % by weight phosphatidylcholine are used in this aspect 
of the present invention. 

Several methods may be used to form the liposomes of the 
present invention. For example, multilamellar vesicles (MLVs), 
stable plurilamellar vesicles (SPLVs), or reverse phase evaporation 
vesicles (REVs) may be used. Preferably, how-ver, MLVs are extruded 
through filters forming large unilamellar vesicles (LUVs) of sizes 
dependent upon the filter size utilized. In general, polycarbonate 
filters of 30, 50, 60, 100, 200 or 800 nm pores may be used. In 
this method, disclosed in Cullis, et al., PCT Publication Ho. WO 
86/000238, January 16, 1986, relevant portions of which are 
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incorporated by reference herein, the liposome suspension may be 
repeatedly passed through the extrusion device resulting in a 
population of liposomes of homogeneous size distribution. 

For example, the. filtering may be performed through a 
straight-through membrane filter (a Nucleopore polycarbonate filter) 
or a tortuous path filter (e.g. a Hucleopore filter membrafil filter 
(mixed cellulose esters> of 0.1 um size), or by alternative size 
reduction techniques such as homogenization. The size of the 
liposomes may vary from 0.03 to above about 2 microns in diameter; 
preferably 0.05 to 0.3 microns and most preferably 0.1 to 0.2 
microns. The size range includes liposomes that are MLVs, SPLVs, or 
LUVs. 

In the present invention, the preferred liposomes are those 
which are unilamellar liposomes of 0.1 to 0.2 microns. As described 
hereinabove, a number of lipids may be used to form liposomes having 
a gel to liquid crystalline Tc above ambient temperature. In such 
cases, an extruder having a heating barrel or thermo jacket may be 
employed. Such a device serves to increase the liposome suspension 
temperature allowing extrusion of the LUVs. The lipids which are 
used with the thermojacketed extruder are, for example, DSPC, DPPC, 
DMPC and DAPC or mixtures thereof, which may include cholesterol in 
certain embodiments for preventing the rapid release of agents from 
the liposome. Liposomes containing DSPC are generally extruded at 
65°C, DPPC at 45°C and DAPC at 85*C (5°C above the lipid T c ) . 

As indicated, the preferred liposome for use in the present 
invention are LUVs of about 0.06 to 0.3 microns in size. As defined 
in the present application, a homogeneous population of vesicles is 
one comprising substantially the same size liposomes, and may have a 
Gaussian distribution of particle sizes. Such a population is said 
35 to be of uniform size distribution, and may be unimodal with respect 

to size. The term "unimodal" refers to a population having a narrow 
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polydispersity of particle sizes, and the particles are of a single 
"mode". A liposomal population is unimodal if, when measured by 
quasi elastic light scattering methods, the population approximates 
5 to a Gaussian distribution, and if a second order polynomial will 

fit the natural logarithm of the autocorrelation function of a 
sample (Koppel, 1972, J. Chem. Fhys., 57:4814). The closer this 
fit, the better the measure of unimodality. The closeness of this 
fit'may be determined by how close the chi square (chi ) value of 
10 the sample is to unity. A chi 2 value of 2.0 or less is indicative 

of a unimodal population. 

Other size reduction techniques may be employed in practicing 
the present invention. For example, homogenization or milling 
techniques may successfully be employed. Such techniques may yield 
liposomes that are homogeneous or unimodal with regard to size 
distribution. Liposomes may be prepared which encapsulate the first 
aqueous buffer solution having the characteristics described 
hereinabove. 
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During preparation of the liposomes, organic solvents may also 
be used to suspend the lipids. Suitable organic solvents for use in 
the present invention include those with a variety of polarities and 
dielectric properties, which solubilize the lipids, for example, 
chloroform, methanol, ethanol, dimethylsulfoxide (DMSO), methylene 
choloride, and solvent mixtures such as benzene tmethanol (70:30), 
among others. As a result, solutions (mixtures in which the lipids 
and other components are uniformly distributed throughout) 
containing the lipids are formed. Solvents are generally chosen on 
the basis of their biocompatability, low toxicity, and 
solubilization abilities. 

One preferred embodiment of the present invention is a 3 
component liposomal-agent treatment system which allows for highly 
efficient entrapment of the agent at the clinical site. When the 
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agent is one that loads in response to a transmembrane pH gradient 
where the interior of the liposome is acid, the first component of 
the system (Vial 1) comprises liposomes in an acidic aqueous or 
buffer solution, for example, citric acid buffer (at 300 mM, pH 3.8 
to 4.2, preferably 4.0). 

The second component of the system (Vial 2) comprises a 
relatively basic buffer or aqueous solution, for example, a sodium 
carbonate or sodium bisphosphate solution, or a sodium 
chloride/HEPES h> Zered saline solution ("HBS") at pH 10 to 12, 
preferably pH 11.5, which serves to become part of the external 
aqueous or buffer solution of the liposome formulation. 



The third component (Vial 3) is the agent to be entrappea. The 
above-described treatment system may be provided as a 3-vial system, 
the first vial containing the liposomes in acidic medium, the second 
vial containing the solution of relative alkalinity, and the t.^ird 
vial containing the amino acid or peptide derivative (the agent), as 
described hereinabove. A similar treatment system may be provided 
for an agent that loads in response to a transmembrane gradient 
wherein the internal buffer of the liposomes is relatively basic 
i.e., has a pH 8.5-11.5. In such a case, the first vial would 
25 contain the liposomes in rel; actively alkaline medium, the second 

vial would contain the solution of relative acidity, and the third 
vial, the agent to be entrapped. 

Following the formation of the pH gradient across the liposomes 
30 (by admixing the first and second vials), the liposomes may be 

heated prior to admixing with the amino acid or peptide. Under 
certain circumstances, and in cases where the agent is to bt loaded 
into liposomes comprising at least 30 mole % cholesterol to minimize 
the rapid release of the agent, it may be advantageous to heat the 
35 liposomes to facilitate loading, up to some temperature appropriate 

to the liposome composition and the presence of the amino acid or 
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may take place at temperatures of 



To load the agent(s) into the liposomes utilizing the 
above-described treatment systems, the methods described in Mayer, 
et al. PCT Publication No. W0 88/06442, September 7, 1988, relevant 
portions of which are incorporated by reference, herein may be 
modified for use with the agents of the present invention. 

In a liposome-agent delivery system, the agent is entrapped in 
or associated with the liposome and then administered to the patient 
to be treated. For examples wherein the agents are drugs, see 
Rahman et al., U.S. Patent No. 3,993,754; Sears, U.S. Patent No. 
4,145,410; Papahadjopoulos et al., U.S. Patent No. 4,235,871; 
Schneider, U.S. Patent No. 4,114,179; Lei* et al., U.S. Patent No. 
4,522,803; and Fountain et al., U.S. Patent No. 4,588,578. As used 
throughout the specification, the terms amino acid and peptide, and 
the term agent, are used interchangably. 

Ibe choice of buffer to use as the internal buffer solution may 
vary depending upon the agent chosen for loading. One of ordinary 
skill in the art will be able to assess the relative solubilities of 
ionized species off a particular agent and the buffer strength to 
determine the buffer solution to be used as the internal buffer 
solution. Any buffer solution having the characteristics generally 
described hereinabove may be used in the present invention, provided 
that the solution is pharmaceutically compatible, when necessary, 
i.e., wherein the solution may be administered to the patient 
without deleterious affects. 

Typical internal buffer solutions include citric acid, oxalic 
acid, succinic acid and other organic acid salts being preferred, 
among others. Citric acid in a concentration ranging from 100 mM to 
300 mM is preferred. Most preferably, the citric acid buffer 
solution has a concentration of 300mM. 
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Typical external buffer solutions may include NaCI, KC1, 
potassium phosphate, sodium bicarbonate, sodium carbonate, sodium 
bisphosphate, potassium sulfate, <N-2-Hydroxyethyl 
Piperazine-N'-2-Ethane Sulfonic Acid) or "HEPES", 2-[N-morpholino] 
ethane-sulfonic acid or "MES", 

N-Ca-HydroxyethyDpiperazine-N'-S-propanesulfonic acid or "EPPS", 
2-[N-Cyclohexylamino] ethane-sulfonic acid or "CHES", 
Piperazine-N,N T -bis [2-ethane-sulf onic acidj or "PIPES", and 
mixtures thereof, among others. In the present invention, the 
preferred external buffer solution is NaCl/HEPES, and more 
preferably 150 mM Ha 2 S0 4> 20 mM HEPES at pH 7.5, 

Loading efficiencies of agents utilizing the present invention 
generally range from 20% up to 100%, preferably at least 50%. In 
general, the loading efficiencies for agents according to the 
present invention are as expected from the Henderson-Hasselbach 
relationship. Of course, not all agents readily accumulate in 
liposomes according to the Henderson-Hasselbach relationship, and 
certain agents (see Comparative Examples 13, 14 and 15) appear, in 
certain cases, not to accumulate at all. 



The liposomes formed by the procedures of the present invention 
may be lyophilized or dehydrated at various stages of formation. For 
example, the lipid film may be lyophilized after removing the 
solvent and prior to adding the agent or forming the liposomes 
through hydration of the film. Such dehydration may be carried out 
by exposure of the lipid or liposome to reduced pressure thereby 
30 removing all suspending solvent. 

The liposomes themselves may be dehydrated by any of a number 
of methods. They may be dehydrated in the presence of a hydrophilic 
agent according to the procedures of Bally et al, PCT Publication 
35 No. 86/01102, published February 27, 1986, entitled "Encapsulation 

of Antineoplastic Agents in Liposomes", Janoff et al., PCT 
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Publication No. 86/01103, published February 27, 1986, entitled 
"Dehydrated Liposomes", Schneider et al., in U.S. Patent No. 
4,229,360, issued October 29, 1980 and Mayer, et al. PCX Publication 
No. 88/06442, published September 7, 1988, relevant portions of 
which are incorporated by reference herein. Alternatively or 
additionally, the hydrated liposome preparation may also be 
dehydrated by placing it in surrounding medium in liquid nitrogen 
and freezing it prior to the dehydration step. 



Dehydration with prior freezing may be performed in the 
presence of one or more protective agents, such as sugars in the 
preparation according to the techniques of Bally, et al., PCI 
Application No. 86/01103 published February 27, 1986, relevant 
15 portions of which are also incorporated by reference herein. Such 

techniques enhance the long-term storage and stability of the 
preparations. For example, the agent may be mixed with a sugar 
solution in a sugar: lipid weight/weight ratio ranging from 0.5:1 to 
100:1, preferably 20:1, without affecting the ability of the 
liposome to retain loaded agent during rehydration. Other suitable 
methods may be used in the dehydration of the above-disclosed 
liposome preparations. The liposomes may also be dehydrated without 
prior freezing. 

Once the liposomes have been dehydrated, • they can be stored for 
extended periods of time until they are to be used. The appropriate 
temperature for storage will depend on the lipid formulation of the 
liposomes and the temperature sensitivity of encapsulated 
materials. For example, amino acids and peptides are heat labile, 
and thus dehydrated liposomes containing such agents should 
preferably be stored under refrigerated conditions e.g. at 4»C, so 
that the potency of the agent is not lost. Also, for such agents, 
the dehydration process is preferably carried out at reduced 
temperatures, rather than at room temperature. When the dehydrated 
liposomes are to be used, rehydration is accomplished by simply 
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adding an aqueous solution, e.g., distilled water or an appropriate 
buffer, to the liposomes and allowing them to rehydrate. The 
liposomes can be resuspended into the aqueous solution by gentle 
swirling of the solution. The rehydration can be performed at room 
temperature or at othe* temperatures appropriate to the composition 
of the liposomes and their internal contents. 

The concentration gradient used to generate the transmembrane 
pH gradient can be created either before dehydration or after 
rehydration using the external medium exchange techniques described 
above. For example, tne liposomes may be dehydrated prior to 
establishing the transmembrane pH gradient, for example, dehydrated 
from their first external medium. Upon rehydration, the pH gradient 
can be established by admixing the liposomes with the second 
external medium of relatively acidic or basic pH» The agent can be 
admixed with the liposomes simultar e ously with or following the 
establishment of the pH gradient. In the case where the liposomes 
are dehydrated after having a transmembrane pH gradient, the 
liposomes may be rehydrated by admixing them with an aqueous 
solution of neutral pH. For example, in the above-mention. case 
where liposomes containing citric acid buffer as the first medium 
are used, the rehydration step would proceed by adding the 
25 NaCl/HEPES buffer, and the agent, for example, lysine methyl ester. 

Where the liposomes already contain the relatively basic 
solution (for example, NaCl/HEPES), and therefore already have the 
transmembrane pH gradient are rehydrated, water or another neutral 
3q aqueous solution, and the agent are added. Finally, in the case 

where liposomes having a transmembrane pH gradient and containing 
the agent have been dehydrated, rehydration proceeds using water or 
another aqueous solution. Alternatively, a second agent may be 
added, if desired. 

35 
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Liposomes containing the amino acid and peptide f emulations of 
the present invention may be used therapeutically in mammals, 
especially humans, in the treatment of a number of disease states or 
pharmacological conditions which require sustained release 
formulations as well as repeated administration. The mode of 
administration of the liposomes containing the agents of the present 
invention may determine the sites and cells in the organism to which 
the compound may be delivered. 

The liposomes of the present invention may be administered 
alone but will generally be administered in admixture with a 
pharmaceutical carrier selected with regard to the intended route of 
administration and standard pharmaceutical practice. The 
preparations may be injected parenterals, for example, 
intravenously. For parenteral administration, they can be used, for 
example, in the form of a sterile aqueous solution which may contain 
other solutes, for example, enough salts or glucose to make the 
solution isotonic, should isotonicity be necessary or desired. The 
liposomes of the present invention may also be employed 
subcutaneously or intramuscularly. Other uses, depending upon the 
particular properties of the preparation, may be envisioned by those 
slcilled in the art. 

For the oral mode of administration, the liposomal formulations 
of the present invention can be used in the form of tablets, 
capsules, losenges, troches, powders, syrups, elixirs, aqueous 
solutions and suspensions, and the like. In the case of tablets, 
carriers which can be used include lactose, sodium citrate and salts 
of phosphoric acid. Various disintegrants s--x as starch, 
lubricating agents, and talc are commonly used in tablets. For oral 
administration in capsule form, useful diluents are lactose and high 
molecular weight polyethylene glycols . When aqueous suspensions are 
required for oral use, the active ingredient is combined with 
emulsifying and suspending agents. If desired, certain sweetening 
and/or flavoring agents can be added. 
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For the topical mode of administration, the liposomal 
formulations of the present invention may be incorporated into 

* m 

dosage forms such as gels, oils, emulsions, and the like. These 
formulations may be administered by direct application as a cream, 
paste, ointment, gel, lotion or the like. For administration to 
humans in the treatment of disease states or pharmacological 
conditions, the prescribing physician will ultimately determine the 
appropriate dosage of the neoplastic drug for a given human subject, 
and this can be expected to vary according to the age, weight and 
response of the individual as well as the pharmacokinetics of the 
agent used. 

Also the nature and severity of the patient's disease state or 
condition will influence the dosage regimen. While it is expected 
that, in general, the dosage of the drug in liposomal form will be 
about that employed for the free drug, in some cases, it may be 
necessary to administer dosages outside these limits* 

The following examples are given for purposes of illustration 
only and are not to be viewed as a limitation of the scope of the 
invention. 

Examples 
Materials and Methods 



Egg phosphatidylcholine (EPC) was obtained from Avanti Polar 

14 

Lipids (Birmingham, Alabama), -C methylamine and 

H-triphenylphosphonuim bromide were purchased from New England 
Nuclear, All other chemicals used were purchased from Sigma 
Chemical Co. (St. Louis, MO). 
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Lysine methyl ester was purchased from Sigma Chemical Co. The 
hydrophobic pentapeptide <H 3 N + -Ala-Met-Leu-Trp-Ala-C0O; where 
the carboxyl function was modified to be a methyl ester or amide) 
was synthesized using the solid phase synthesis method of de Krooii 
et al., 1°89, BBA, 981:371. 

Sample 1 

Trading of Lygjnj MgtM3 Bater hv liP°SOM al transmembrane pH 
CT. a rt4^nts - EPC vepicj.es 

Multilamellar vesicles (MLVs) were produced by hydrating 50 mg 
EPC in 1.0 ml citrate <300mM) buffer at pH 4.0. The MLVs were 
frozen in liquid nitrogen and thawed in water at 50-60»C for five 
freeze-thaw cycles. 



The resulting MLVs were extruded ten times through two stacked 
lOOnm pore size polycarbonate filters (Nuclepore) employing a device 
obtained from Lipex Biomemhranes Inc. (Vancouver, Canada) as set 
forth in Rope et al., 1985, BBA, 812;55. The resulting large 
unilamellar vesicles (LUVs) were 108 nm in diameter as determined by 
quasielastic light scattering (QELS) employing a NICOMP particle 
25 sizer. 

The LUVs in the pH 4.0 media were passed down a 10 cm Sephadex 
G-50 (medium) column previously equilibrated with 150 mM NaCl, 20 mM 
HEPES (pH 7.5) (Hepes buffered saline or "HBS") , to generate the pH 
30 7.5/4.0 exterior/ interior pH gradient. 

Uptake of the lysine methyl ester was initiated by first 
dissolving 0.47 mg of the lysine methyl ester in 1.0 ml of HBS 
medium 2.0 mM lysine methyl ester) to which 0.25 ml of the LUVs 
35 exhibiting the pH gradient were added. The liposomes were incubated 

at 23°C and aliouots of 0.1 ml were removed at selected times (see 
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Figure 1) from this incubation mixture, and unt rapped material 
removed by passage through 1 ml (dry) Sephadex G-50 column, 
centrifuged for 1 minute at 2500 rpm. 



EXWPlC 2 



Control for no pH gradient 



The methods of Example 1 were repeated wherein the LUVs in the 
pH 4.0 media were passed down a 10 cm Sephadex 6-50 (medium) column 
previously equilibrated with 300 mM citrate buffer, at pH 4.0, thus 
generating no pH gradient. 

Similarly the methods were repeated wherein the LUVs were made 
in pH 7.5 media and passed down a 10 cm Sephadex G-50 (medium) 
column previously equilibrated with 150 mM NaCl, 20 mM HEPES, at pH 
7.5 (Hepes buffered saline or ,r HBS")» thus generating no pH gradient 

Example 3 

Determinat ion of loaded lysine methvl ester in EPC LUVs 

25 Lysine methyl ester concentrations inside the LUVs of Examples 

1 and 2 were determined by a modification of the technique employed 
by Hope and Cullis, 1987, J. Biol. Chem, , 262:4360, employing TNBS 
(trinitrobenzenesulfonic acid) to label primary amino groups of 
lysine methyl ester. The buffer used for the labelling was lOOmM 

3 0 NaHC0 3 , 50 mM H^BO^ at pH 10.0. A reference cuvette 

containing 2.5 ml of buffer (pH 10 *0) was placed in the reference 
beam. The sample cuvette contained 2.5 ml of buffer <pH 10.0) with 
0.5 mM TNBS aliquots (50 ul) of vesicles containing lysine methyl 
ester were then added. The resulting change in absorbance was 

35 measured at 420 nm after incubation in the dark for 1 hour. Triton 

X-100 (200 ul, 0.5%) was added to both cuvettes to solubilize the 
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vesicles and thus expose all primary amino groups present to the 
TNBS. The absorbance in the presence of detergent was taken to 
represent 100% labelling. 

Example 4 

Murmiremmt gf P H "adiP^s and membrane potential? 

The magnitude of the pH gradients and membrane potentials 
present were measured using 14 C-methylamine and 
3 H-triphenylphosphonium bromide < 3 H-TPP) respectively as 
indicated in Hope et al., 1985, BBA, 812:55 and in Madden et al., 
1990, Chem. Phys. Lipids, 53:37. The concentrations used were 1 
uCi/ml. The amount of probe accumulated was determined via liquid 
scintillation counting. Transmembrane pH gradients could then be 
calculated using the relationship pH=log 

([Methylamine] ln /[Methylamine] out ) as indicated in Mayer et al., 
1988, Biochemistry, 27:2053. Membrane potentials were calculated 
similarly for 3 B-TPP (see Hope et al., 1985, BBA, 812:55). 



25 



30 



Example 5 

Measurement-- of phos p holipid concentrations , 

Phospholipid concentrations were calculated by a modification 
of the method of Fiske and Subbarow, 1925, J. Biol. Chem., 66:375. 
Typical phospholipid concentrations were approximately 3.0 mM. 
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Results of loading of lysine methyl ester Into EPC LUVs 

Figure 1 demonstrates that lysine methyl ester is rapidly 
accumulated into EPC LUVs by the methods of Example 1 with an acidic 
interior (wherein pH^.O and pH Q «7.5), as represented by the 
open circles. The amino acid loaded quickly with maximal levels 
being loaded with the first 5-10 minutes of incubation. A 
corresponding decrease in the measured pH gradient was also 
observed, represented by the closed circles and read using the scale 
on the right axis, wherein the gradient dropped from 3.5 to 1 pH 
unit; such drop in the residual pH gradient being due to protonation 
of the methyl ester after traversal of the membrane in the neutral 
form. The maximal concentrations entrapped were about 85 nmoles 
lysine me.-iyl ester/umole phospholipid. This high level of uptake 
was maintained for at least 24 hours with no leakage of the lysine 
methyl ester. 



In the case wherein the liposomes exhibited no pH gradient (see 
Example 2 above), but wherein both the interior and exterior bathing 
solutions were pH 4.0 (4.0/4.0), open squares, or wherein both were 
pH 7.5 (7.5/7.5), open triangles, little lysine methyl ester was 
taken up into the LUVs (only about 10% of that observed for the 
vesicles with a pH gradient). 



Example ,7 

Loading of Lysine Methvl Ester by li posomal transmembrane t>H Gradient 
- EPC: cholesterol vesicles 



35 



EPC: cholesterol vesicles (55:45 mole%) were made by dissolving 
43 mg EPC and 17 mg cholesterol in 1.0 ml of chloroform. The 
chloroform was then removed under a stream of nitrogen and by 



WO 92/02244 



PCT/US91/05281 



10 



15 



20 



25 



30 



- 24 - 

subsequent storage under reduced pressure. The methods of Example 1 
were employed using 20 ml of citrate buffer < P H 4.0) to produce 
frozen-end-thawed MLV* which were then likewise extruded to form 
LUVa. In the case of EPC; cholesterol vesicles, the extrusion step 
took place at 6S°C. 

A pH gradient was established and the lysine methyl ester was 
loaded into the vesicles as disclosed in Example 1, at 20«C. 

The above method was repeated with the loading step of the 
lysine methyl ester carried out at A'C and 37°C. The methods of 
Examples 3, 4, and 5 were followed to determine the extent of 
loading of the lysine methyl ester in the EPC ; cholesterol vesicles. 

Figure 2 is a graphic representation of the time course of the 
amino acid loading into LUVs exhibiting the P H gradient of 7.5/4.0 
(external/internal). The time course of uptake is reported at 
uptake incubation temperatures- of 37«C (open squares), 20°C (open 
triangles), and 4»C (open circles). Very high levels of loading 
(approximately 70 nmoles/umole phospholipid) were achieved witnin 10 
minutes at 37»C, 1 hour at 20»C, and potentially after more than 22 
hours at 4-C. The amount of lysine methyl ester entrapped was again 
found to remain quite stable, even after long time periods (more 
than 20 hours) at elevated temperatures (37°C). 

^ Example 8 

The methods of Example 1 were employed wherein the amino acid 
Lysine ethyl ester was loaded into LUVs following incubation at 23° C 
for 1 hour. Loading of this amino acid derivative occurred at a 
value of 378.0 nmoles peptide/umole phospholipid. 
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Example , 9 

The methods of Example 1 were employed wherein the peptide 

5 

Bombesin (pGlu-Gln-Arg-Leu^ly-Asn-Gln-Trp-Ala-Val-Gly-His-Leu- 
Met-NH^) was loaded into LUVs following incubation at 23°C for 1 
hour. Loading of this peptide derivative occurred to a value of 
34*6 nmoles peptide/umole phospholipid. 

10 

Exa mple iq 



The methods of Example 1 were employed wherein Gastrin-Related 
Peptide (N-t-B0C-Trp-Met-Asp-Phe-NH 2 ) was incubated with the LUVs 
at 23°C for 1 hour. Following this incubation time period, 25.1 
nmoles peptide/umole phospholipid was loaded into the LIF/s. 



Example.,.!! 



2 0 The methods of Example 1 were employed wherein 74 ug of the 

peptide Growth Hormone Releasing Factor Fragment (Lys-Tyr-Trp-Trp- 
Phe-NH^) was incubated with the LUVs at 60°C for 2 hours. 
Following this incubation time period, 195.0 nmoles peptide/umole 
phospholipid was loaded into the LUVs. 

25 

Example 12 

The methods of Example 1 were employed wherein 74 ug of the 
peptide Growth Hormone Releasing Factor Fragment (Lys-Tyr-Trp-Trp- 

30 Phe-HH,) was incubated with the LUVs at 23* C for 2 hours, the 

results of which are represented in Figure 3. Following the 2-hour 
incubation time period, about 55 nmoles peptide/umole phospholipid 
was loaded into the LUVs. In the figure, the open squares represent 
the uptake course with a 7.5/4.0 (external /internal) initial pH 

35 gradient, with the closed squares representing the residual pH 

gradient, as read using the scale on the right axis. The open 
circles represent the uptake course with no pH gradient, wherein the 
internal and external solutions were both initially pH 7.5. 
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• The methods of Example 1 were employed wherein 0.48 me of the 
amino acid derivative histidine methyl ester (Sigma Chemical Co., 
St Louis, HO) was incubated at WC with the LuVs. After an 
incubation of 1 hour, no loading took place (0 nmoles peptide/umole 
lipid loaded) . 



10 r.nm parativ ^vflmnle 14 



The methods of Example 1 were employed wherein 0.34 mg of the 
peptide <Lys),methyl ester was incubated at 23'C with the LOVs. 
Following an incubation of about 1 hour, no loading took place (0 
nmoles peptide/umoles lipid loaded). 



r.nmparat tve Example IS 



The methods of Example 1 were employed wherein 0.95 mg of the 
peptide (Lys-(Ala) 4 ) methyl ester was incubated at 23»C with the 
LUVs. Following an incubation of about 1 hour, no loading took 
place (0 nmoles peptide/umoles lipid loaded). 
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CLAWS 

1; A method for loading liposomes with a C-terminal subs exited 
amino acid or peptide comprising the steps of: 

(a) preparing liposomes having a concentration gradient of one 
or more charged species across their membrane, said 
concentration gradient being capable of generating a 
transmembrane potential having an orientation which will cause 
the peptide to be loaded into the liposomes? and 

(b) admixing the amino acid or peptide with the liposomes* 

2, The method of claim 1 wherein the concentration gradient is 
formed by: 

(a) encapsulating a first medium in the liposomes, said medium 
having a first concentration of the one or more charged 
species; and 

(b) suspending the liposomes in a second medium having a second 
concentration of the one or more charged species* 

3. The method of claim 2 wherein the concentration gradient is a 
pH gradient. 

25 4. The method of claim 1 wherein the amino acid or peptide is 

lysine methyl ester, lysine amide, lysine ethyl ester, 
Bombesin, Gastr in-Related Peptide, or Growth Hormone Releasing 
Factor Fragment. 
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5. A pharmaceutical preparation comprising a C-terminal 

substituted amino acid or peptide which has been loaded into 
the liposomes by the method of claim 1. 



6. The pharmaceutical preparation of claim 5 wherein the amino 
35 acid or peptide is lysine methyl ester, lysine amide, lysine 

ethyl ester, Bombesin, Gastrin-Related Peptide, or Growth 
Hormone Releasing Factor Fragment. 
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7. A pharmaceutical preparation comprising liposomes having 
encapsulated therein a C-tenninal substituted amino acid or 
peptide, said liposomes having a transmembrane potential across 
their membranes, the orientation of the transmembrane potential 
being such the if the agent is positively charged, the internal 
potential of the liposomes is negative to the potential of the 
external medium, and if the agent is negatively charged, the 
internal potential of the liposomes is positive relative to the 
potential of the external medium. 

8. The pharmaceutical preparation of claim 7 wherein the 
transmembrane potential has been produced by creating a 
concentration gradient of one or more charged species across 
the liposomes membranes. 

9. The pharmaceutical preparation of claim 8 wherein the 
concentration gradient is a pH gradient. 

10. The pharmaceutical preparation of claim 7 wherein the amino 
acid or peptide is lysine methyl ester, lysine amide, lysine 
ethyl ester, Bombesin, Gastrin-Related Peptide, or Growth 
Hormone Releasing Factor Fragment. 
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